Purification and properties of membrane-bound hydrogenase isoenzyme 1 from anaerobically grown Escherichia coli K12.
Hydrogenase isoenzyme 1 from the membrane fraction of anaerobically grown Escherichia coli has been purified to near homogeneity. The preparation involved dispersion of the membrane fraction with deoxycholate followed by ammonium sulphate precipitation, ion-exchange, hydroxyapatite and gel filtration chromatography steps. The enzyme was assayed by quantification of the H2:benzyl viologen oxidoreductase activity immunoprecipitated by a non-inhibitory antiserum specific for the enzyme. The enzyme constituted about 8% of the hydrogenase activity found in the detergent-dispersed membranes, the remainder being attributable to hydrogenase isoenzyme 2. Isoenzyme 1 was purified 130-fold and the specific activity of the final preparation was 10.6 mumol benzyl viologen reduced min-1 (mg protein)-1 (H2:benzyl viologen oxidoreductase). The final preparation contained polypeptides of apparent Mr 64,000, 31,000 and 29,000. Antibodies were raised both to the final preparation and to immunoprecipitation arcs containing hydrogenase isoenzyme 1, excised from crossed immunoelectrophoresis plates. The former cross-reacted with all three polypeptides in the enzyme preparation but the latter recognised only the Mr-64,000 polypeptide. Immunological analysis revealed that the polypeptides of apparent Mr 31,000 and 29,000 are fragments of a single polypeptide of Mr 35,000 which is present in the detergent-dispersed membranes. The fragmentation of the Mr-35,000 polypeptide during the preparation correlates with a change in the electrophoretic mobility of the enzyme. A similar electrophoretic mobility change was observed, accompanied by cleavage of the Mr-35,000 polypeptide to one of 32,000 when the enzyme was analysed after exposure of detergent-dispersed membranes to trypsin. The enzyme in the detergent-dispersed membranes consists minimally of two subunits of Mr 64,000 and two subunits of Mr 35,000. It contained 12.2 mol Fe and 9.1 mol acid-labile S2-/200,000 g enzyme. The enzyme, purified from bacteria grown in the presence of 63Ni, was found to contain 0.64 (+/- 0.20) mol Ni/200,000 g enzyme. A constant ratio of 63Ni immunoprecipitated to hydrogenase isoenzyme 1 activity immunoprecipitated by antiserum specific for the enzyme was observed during the preparation, consistent with Ni being part of the enzyme. The enzyme has a low Km for H2 (2.0 microM) in the H2:benzyl viologen oxidoreductase assay. It catalyses H2 evolution employing reduced methyl viologen as electron donor. It is inhibited reversibly by CO and irreversibly by N-bromosuccinimide.